Summary. Sixteen lectins were examined for their ability to agglutinate 298 strains of Neisseria gonorrhoeae. Seven lectins failed to agglutinate any of the strains ; the remaining nine lectins gave 22 different agglutination patterns. The 298 strains were divided into 14 serovars with a single panel of monoclonal antibody typing reagents ; lectin agglutination subdivided these into 57 serovar/lectin patterns. A combination of two monoclonal antibody serotyping panels divided the strains into 32 serovar combinations ; lectin agglutination further subdivided these into 79 serovar/lectin patterns. There was no correlation between lectin pattern and serovar. Lectin agglutination is a simple supplementary typing method and could be particularly useful in micro-epidemiological studies.
Introduction
Lectins are natural proteins that are not part of immune mechanisms and that react with sugar residues. They have been used in the study of cell-surface carbohydrates of bacteria and can detect inter-strain variations in cell-wall carbohydrate composition'. The selectivity of lectins for microbial surfaces may be advantageous in epidemiological studies of bacterial disease.
The ability of animal and plant lectins to react with microbial substances has been known for some time. Summer and Howell2 first reported bacterial reactions with lectins by demonstrating the ability of Concanavalin A to agglutinate species of Mycobacterium and Actinomyces. In the late 1970s, agglutination of Neisseria gonorrhoeae by wheat germ lectin was advocated as a confirmatory test for identifying this organi~m.~ The interaction between lectins and members of the genus Neisseria has been well documented in several other studies and has been evaluated for identification4-' and epidemiological typing.8* Vazquez and Berron'O examined lectin agglutination in relation to serogroup and auxotype. However, there have been no detailed studies correlating lectin agglutination with serotyping based on monoclonal antibodies (MAbs)." In this study we examined the reactivity of 298 clinical isolates of N. gonorrhoeae with a panel of 16 lectins and assessed the increased epidemiological discrimination achieved by the combination of lectin agglutination and serotyping. 
Materials and methods

Bacterial strains
Lectin agglutination
Bacterial suspensions. Isolates were inoculated on to clear gonococcal (GC) agar and incubated at 37°C in an atmosphere of CO, 5 % in air for 18-24 h. Growth was harvested with a cotton swab into 1 ml of phosphate-buffered saline, pH 7.2 (PBS), to give a smooth suspension. The suspension was boiled for lOmin, allowed to cool and adjusted to an optical density of 0.5 at 450 nm with a Titertek Multiskan MCC 340 spectrophotometer.
Lectins. Sixteen lectins were obtained from Sigma, reconstituted in distilled water to a concentration of 1 mg/ml and stored in small divided volumes at -20°C. For use, lectin solution was thawed and diluted with distilled water to the concentrations Agglutination tests. Standardised test suspension (20 pl) was pipetted into two wells on a glass tile; 20 p1 of the appropriate lectin solution was added to one well and 20 pl of PBS was added to the other well. The suspensions were mixed and placed on a rotary shaker for 5 min. Reactions were scored as positive when agglutination occurred in the lectin suspension but not in the control suspension. Strains showing agglutination in the control suspension were re-tested. gonococcal isolates (ConA, DBA, LCH, PSA, UEA, PHA and LPA). The agglutination patterns with the remaining nine lectins are shown in table 11. Twentytwo lectin patterns or groups were recognised: these are designated LP1-LP22 based on their frequency of occurrence. All isolates were agglutinated by soybean lectin (SBA). Only two isolates (0.7%) were agglutinated by maclura pomifera lectin (MPA) ; four strains were agglutinated by PNA and SBA and three strains by BSI, SBA, HPA and SJA; and seven isolates (2.3%) failed to agglutinate wheat germ lectin (WGA).
Combining lectin agglutination with serotyping with MAbs ( and 40 (1 3.4 YO) of strains, respectively (tables IV and V). The most common IA serovar was IA-2, representing 85.2% of the IA serotypes; this could be subdivided into 12 lectin patterns. Less discrimination was obtained with the remaining IA serovars: IA-4, IA-6 and IA-21 yielded two, five and three lectin patterns, respectively. The most common IB serovar was IB-2 (36.9 YO of IB serotypes); unfortunately, the degree of further discrimination was less with IB-2 than with IA-2 serovars-only seven lectin patterns were recognised. Serovars IB-1 and IB-3 could be subdivided into 10 and six lectin patterns, respectively ; the remaining seven IB serovars yielded only 12 serovar /lectin patterns. 
Discussion
Typing of N . gonorrhoeae is useful in the control of gonococcal infection, e.g., in the recognition and control of micro-epidemics by detecting the occurrence of new strains or increased prevalence of existing ones. It is also useful in monitoring the spread of isolates with plasmid and chromosomally mediated antibiotic resistance and in recognising re-infections and double infections.
In this study, we have shown that agglutination with a panel of 16 animal and plant lectins subdivided 149 serogroup IA isolates into 13 types and 149 serogroup IB isolates into 19 types and merits consideration as a supplementary means for epidemiological typing of N . gonorrhoeae. A similar study with 101 strains of N . gonorrhoeae from outbreaks in Georgia, California and Hawaii, and a panel of 14 lectins, yielded 24 lectin patterns. Korting and Abeck14 distinguished 29 lectin patterns amongst 102 gonococcal isolates from Munich with a panel of 14 lectins.
The four major lectin patterns reported here (LP1-LP4) accounted for 84% (251 out of 298) of isolates, which is similar to the results of serotyping studies in which a few major serovars account for the majority of
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As seven of the lectins tested did not react with any of the strains, the panel could be reduced to nine lectins without any decrease in discrimination. Inclusion of ConA in any typing panel is debatable because it failed to agglutinate any of 54 strains,* 193 strains,6 and 40 strainss tested in other studies. However, all 101 strains were agglutinated by ConA in the study by Korting and Abeck, 14 61 .8% of 140 strains tested by Vazquez and Berron were agglutinated'' and two of 10 1 penicillinase-producing and non-penicillinase-producing strains examined in a further study by Schalla et aL9 The reasons for the variations in results in these studies is unclear, but it is unlikely to be due to the inclusion of minor serovars or types because of the large number of strains tested. Similarly, MPA might also be omitted from the panel because only two of the 298 isolates were reactive and none were reactive in two further studies with a total of 247 s t r a i n~.~.~ All the strains in this study gave a positive reaction with SBA, which is one of the criteria in the five tests comprising lectins and chromogenic substrates'' for the rapid identification of strains of N . gonorrhoeae. SBA agglutination in this case was useful in the identification of strains that were not agglutinated by WGA.
We found that seven (2.3%) strains failed to agglutinate WGA compared with 0-5.9 YO of strains in several other studies.5* 6, 8-10* l8 WGA agglutination cannot, therefore, be relied upon as a single criterion for the confirmatory identification of N . g~norrhoeae.~ All seven WGA-negative strains belonged to serovar IB-1 /Bropyt ; a further 16 isolates of serovar IB-1 Bropyt gave a positive reaction with WGA and could be differentiated into six lectin patterns. A combination of lectin pattern with serotype markedly increased the discrimination over that obtained with either method alone. The greatest
